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INTRODUCTION AND HISTORICAL REVIEW

The purpose of this study was (1) to investigate the
phases of the 1life history of Cuterebfa sp. as they ocour
under natural conditions, (2) to elucidate the ecology of
the cuterebrid flies in relation to vegetation, soll and
host, the Michigan cottontail, Sylvilagus floridanus
mearnsii, and (3) to clarify the systematics of cuterebrine

larvae collectéd'from certain mammals.

A. LIFE HISTORY

At present the biological knowledge of the Cuterebra
speciés is rather scant, The paucity of material is noticed
in the problem of the life cycle, which Cameron (1926)
states may be attributed to the shy habits of the cuterebrid
adult flies. Reviews by Hadwen (1915), Townsend (1917),
Crawley (1923) suggest that the possible mode of infection
in carnivores may be through the ingestion of rodent car-
casses, having immature larvae. From the stomach these lar-
vae migrate to the skin in the new host and there complete
their development. Parker and Wells (1919) offered partial
evidence in support of this idea by findiné subcutaneous in-
festations in prairie dogs orally given young larvae, Hall
(1925) states that this mode of infection might explain






the finding of a last stage cuterebrid larva in the nostrils
of a cat. The cat in the process of feeding on an infected
carcass may have had a "grub" entering the nostrils. Evi-
dence of carnivores swailowihg cuterebrid larvae was presented
by the above author in cases of late stage larvae found in the
stomach and fecal samples of carnivores,

Other contingencies mentioned in the papers of Cameron
(loc. cit.), Hall (loc. cit.), Dalmat (1943) are that the
infestation of the carnivores méy be direct; i.e. that the
adult female fly deposits its eggs on the host. Dalmat (loce.
233.) further states that the host licks the eggs off the body
hair;, end swallows the infective eggs. As a modification of
the above possibility, the deposited eggs hatch into first
stage larvae and may penetrate the skin of the host.by means
of strong oral hooks, and burrow into the subcutis. The more
phology of the egg reflects the possibility of a strong attach-
ment to the hairs of the host by a glutinant ventral groove
(Hadwen, loc. cit.; Parker et al., loc. cit.).

Townsend (1935) offered the probability that the eggs
are laid on food plants of the host and when the animal
feeds, the eggs are ingested. Once in the stomach of the
host, the eggs excyst releasiﬁg the active larvae, which
through some unknown migration route reach the subcutaneous
region of the body.

The fact that hosts are highly infested in the throat

and neck regions may be explained by their frequent brushing



against vegetation having first stage larvae (Allison, 1953).

Townsend (1915) suggested that the eggs are probably
deposited in burrows or runways of the rodents. Adult cutere-
brids, according to Chandler (1949), lay great quantities of
eggs in areas rabbits frequent. Beamer's observation (1950)
supports this evidence, in that female flies were seen layihg
eggs in the runways of the host.

Townsend (1935) observed that cuterebrid flies fre-
quented rockpiies, Bruahpilea, and rock recesses that could
be rodent habitats. Dalmat (1943) conjectured on the above
obgservation that it seemed likely-to find cuterebrine eggs
deposited in nests and burrows used by hosts. Consequently,
hatched first stage larvae would probably come in contact
with the habitant host, attach to it, wander and burrow in
when a suitable site was reached. In the subcutis they would
continue developing to mature larvae, Beamer and assoclates
(1943) supported the above conjecture by discovering eggs
around the burrows of pack rats. The eggs were found ran-
domly on logs, under stones, sticks in or over the entrance
of the nests. Hall (1925) offered the possibility of pre-
natal infection, which is demonstrated in the case of para-
sites, having larvae that wander through the host tissues.
That author stated further that there is no evidence of this

migration as yet, in Cuterebra species. This hypothesis
might clarify some questions on early infections of nursing

animales cited by Dalmat (loc. cit.).



Thus from the data on the life cycle of Cuterebra sp.
there appears to be two hypotheses; the direct ingestion
mode,and the skin penetration mode of infection.

Observations by Dalmat (1943) on the oviposition of
female cuterebrid flies showed that numerous eggs were laid
("more than 1000 eggs have been taken from one Cute;ébra").
Méasurements of the eggs resulted in an average length and
width of l.4 nm., and 0.3 mm. respectively. A total time of
oviposition for 450 eggs was [[5 hours. The female fly ex-
hibited a sporadic egg-laying two days after it had emerged.
The pattern of the deposited eggs on a twlig revealed eggs
singly-laid in a row., Characteristics of the eggs such as a
very heavy chorion, a ventral groove, a sticky substance on
the posterior end, and an operculated anterior end were re-
corded by the above author. These features corroborated
Hadwen's findings (1915). Dalmat (loc. cit.) goes on to
relate that oviposition'probably does not haépen on the
host owing to the numerous eggs laild. Thus & high mortality
rate would result because of the reduced number of first
stage larvae reaching a suitable host. Parker and Wells
(1919) determined the longevity of collected viable eggs
to be six months.

Whether the operculum of the egg 1s opened by the fric-
tion and moisture in the mouth (Townsend, 1935) or if the

larvae emerge from eggs without mechanical aid‘(Moilliet,



1943; Ferris, 1920), the first stage larvae actively leave
the eggs to establiah themselves in thg host. Moilliet
(loc. cit.) retained one unfed larva for ten days.

With the establishment of the first stage larva in the
host, Knipling and Brody (1940) found that a molting period
follows at the end of which a second stage larva evolves.

The metamorphosis to the third stage larva is preceeded by

an intermediate molting period. Mature larvae are usually
defined as those found in the late third stage (Dalmat,
1942). After some time the mature larva drops from the

hoat; burrows in the ground, and changes into a pupal stage
(Ryckman, 1953). The pupa overwinters in the soil, according
to Dalmat (;gg; cit.) and in late spring or early summer,
depénding on daté of'pupation, an adult fly emerges from

the puparium. In southern Georgia, Knipling an@ Brody

(loc. cit.) found that two generatiohs a year may exist.

In the investigation of the cuterebrid parasites a
problem confronting workers is that of the length of larval
development in the host. Reviews by Vorhies and Taylor (1940),
Moilliet (1943), relate that the larval period of rodent |
Cuterebra species is from three to four weeks in duration.
These observations compared with those of Scott and Snead
(1942) in their finding of a larval infection period as ap-
proxiﬁately one month. One observation suggests that the
developmental period of cuterebrid species is relatively

much shorter than those of Hypoderma and Gasterophilus




(Knipling et al., 1940). These authors stated further tnat
the duration of the second stage larvae was determined to be
4 to 5 days. This duration began at the appearance of an
opening in the host's skin until the molt to the third stage.
The third or mature stage required 10 days.. No specific data
could be found on the time of the first stage larvae to es-
tablish itself in the host or its molting to the second instar.
Parker and Wells (1919) however, reported that the first ap-
pearance of "grubs" under the skin was 9 to 12 days after
oral infection. They go on to_say that the skin was punce
tured two days later. At no point in their experimental
descriptions do they state the stage of these "grubs". The
valid interpretation of their experiments as to the duration
of the first stage larvae cannot‘be obtained.

~ Under laboratory conditions, Parker and Wells (loc.
cit.) found the pupal period to range between 47 and 173
days. However, Moilliot (loc. cit.) obtained a pupal period
of 11 1/2 months in an outdoor insectary. Another example
of a natural pupal period was from 8 to 10 1/2 months (Dal-
mat, 1943). The above workers claim that the large range
of the pupal stage may be due to the existing moisture,
temperature, amount of food stored in the puparia, and the
time of year in which the pupation happened. Cases of a
short pupal period may be during the mid-gummer and a long
example if started in the fall or winter.,



B. ECOLOGY

As stated above the pupation of Cuterebra species may
depend on environmental factors. These factors consequently
could give rise to one or two generations a year, owing to
the geographic location of cuterebrid flies. One approach
to the problem of environmental factors has been the signi-
ficance of soil in relation to pupation. Experiments carried
out by Haugen (1942), Knipling and Brody (1940) employed
sand as the soil surrounding the puparium, Methods employed
by other workers (Parker et al., 1919 ; Cameron, 1926; Dale
mat, 1942) did not classify the soil used in artificial
pupation. The need for further investigation in this respect
is warranted due to the paucity of specific data.

The factor of temperature in artificial pupetion is
another problem deserving attention. Knipling and Brody
(loc. cit.) state "after the larvae had pupated, the jars
in which they lay were placed in a cool closet.” Many pupa-
tion experiments were carried out by workers without relating
the conditions conducive to emergence. One substantial
record of soil temperaturg, taken during pupation, was be-
tween 26 to 41° F (Dalmat, 1943). This temperature was re=
flective of a situation wherein the pupal jars were kept in
an outdoor subterranean basement during.the winter,

Moigture, according to Johnson (1930) is believed to

be the prime factor necessary for pupation. He reported in



his study on the rearing of Cuterebra pupae that water was
added intermittently to insure a moist condition. Others
state that no water was added ét any time prior to emergence
(Greene, 1935; Hall, 1925). The different methods undertaken
for pupation have created a need for further study on the
factors affecting pupation.

Vegetation as an agent in the ecology of Cuterebra
specles has béen mentioned in papers dealing with the life
history of these flies. Townsend (1935) stated that eggs
are lald on bark of trees and shrubs or stems of herbaceous
plants which the hosts visit for feeding. Beamer (1950) ob-
served an adult female laying eggs on the tips of celery
grass near a rabbit runway.

Pertinent to the habitat of the adult flies,_Cameron
(1926j_orfered the information that the flies preferred dark
situations, examples of which were outbuildings, summer kit~
chepa and ground burrows of rodents. The females of Cutere-
bra, according to Townsend (loce. cit.) are frequently encoun=-
tered flying close to the ground in open woodlands or perched
on herbage in wooded lowlands. .

Adult flies hgve been observed in flight from June to
September (Cameron, loc. cit.). Cuterebrid larvae were found
by Knipling and Brody (loc. cit.) in cottontails during June
and November. However, records from the Kellogg Station show
that hunters have reported the warbles in rabbits during other
months of the year. Harkema (1936) discovered in his findings



of Cuterebra infestations in North Carolina cottontails that
the percentﬁgg qf hosts infeaped‘yere highest in October,
June-;nd Jaﬁuary respectively. | )

Curran (1934) indicated that theée flies have been reared
from rabbits, rats, mice and squirrels. Opcasionally, they
invade such apimals as the cat and the dog, and even hogs,
cattle, mules, opossum and man. Knipling and Bruce (1937)
relate that larger animals, pigs, cows and mules, are not
frequently found infected wilth cuterebrids and states that
these infections are accidental.

7 Cuterebrid larvae have been found in various locations
of tpeir hosta.' Examples of sites recorded were the neck,
back, shoulders, belly,'head and scrotum, especially in areas
where the skin was thin. Cameron (1926) discovered that in
the dog larval sites were particularly noted in the scapulo-
humeral region.

An_impoftant problem arising in the study of the cutere-
brid parasites is the effect of the larvae on their hosts.
These effects range from nq»effect to cause of death. Be-
cause of certain species locating in the scrotum of the
host, Haugen (1942) claimed that the cuterebrid larvae may
cause sterility. Scott and Snead (1942) found a relationship
between the peak in Cuterebra infections to a definite de=-
crease in mouse populations, Grayvaquirrels in the North
Carolina study of Allison (1953) were greatly affected 1n.a

like manner. Of economic importance is Lindquist's study (1937)
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that Cuterebra species were the main predisposing agent of
primary screworm infections in cottontail rabbits. Knipling and
Bruce (loc. cit.) presented a similar situation in a mule.
These same authors offered a case wherein the direct cause
of death in a pig was due to a cuterebrid larva which was
lodged in the trachea. Juvenile cottontails, have been found
by Bruna (1952) to be greatly debilitated and weakened so
that secondary effects such as predation or pneumonia may
cause death. Cameron (loc. cit.) cited an example of ana-
phylactic -shock in a dog undergoing extraction of larvae.
During the extraction a larva was accidently crushed under
the skin and shock ensued. Symptoms prevailed for seven
hours and the animal recovered. _

These robust bot flies are restricted to the western
hemisphere. The Appendix offers the distribution ranges,
the localities and bibliographic references of Cuterebra
species concurrently with their hosts, These notes were
summerized from papers of Townsend (1935), Knipling and
Bruce (1937), Hall (1921), and Harkema (1936),

C. SYSTEMATICS

Townsend (1917) in his synoptic revision of the family
Cuterebridae states "certain species of the older authors
have been migidentified, certain valid species names have

been put in synonymy, certain synonyms have been used as
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valid names, and certain aberrant specimens of old speciles
have been described as new species." This statement reflects
the confusing early history of the systematics of Cuterebra
species. The subsequent history is still uncertain due to
the "lumpers" and "splinters" views on taxonomy. Also the

above author presented a key which seperated the genera of

the :am;ly, Examples of genera were Pseudogametes, Dermatobia,
Bogeria, Rogenhofera and Cuterebra. ,

The first reported note on Cuterebre was that of Fabricius
(1776) in his reference of Qestrus buccatus. Qestrus was
believed to be the original Cuterebra genus as later recorded
by Brauer (1863). Fabricius' taxonomic description was main-
tained until 1815 when Clark designated it as Cuterebra
purivora. Latreille (1816) changed the species to buccata
which remained unchanged until Wiedemann (1830), through a
misidentification, placed it in the genus Trypoderma. Macquart
(1835) re-established it in its proper genus, that of Cutere~
bra., This final partition was confirmed by Joly (1846), and
had held since. An error was noticed by Mik (1895) on the

use of the name "Cutiterebra" in some reviews. Fortunately,
this error was apprehended before confusion reigned again.
Another taxonomic example of unstableness was in the

Cuterebra horripilum species., Clark (loc. cit.) in his study

on bots maintained that Cuterebra cuniculi and C. horripilum

were two distinct species. However, various other subsequent
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taxonomists (Brauer, 1863; Townsend, 1917) offered evidences
identifying the two specles as horriéilum. At present, the
contention among cpntempdrary taxonomists 18 that C. cunicull
is a synonym for C. horripilum. Townsend (loc. cit.) also
presented the synonym of C. abdominalis for C. horripilum.
Dalmat (1942) distinguished C. peromysci from C. fontinella
Clark and the former species from C. fasclata Swenk., All
above div;siong have been accomplished by taxonomic studies
on adult flies. For adult species identification, the reader
is referred to reviews by Clark (1815), Brauer (1863), Swenk
(1905), Jones (1906), and Townsend (1917). Supporting bib-
liographic references may be found in Appendix L. However,
interests in this syatematic study were in the investigation
of larval forms. N 7 _

"06ntemporary taxonomic studies of Cuterebra larvae are
mainly those dealing with second and third stages. This is
due to the insufficient sampling of first ;tagq larveae necesg-
sary for valid characters (Knipling et al., 1940). Examples
of first stege larval studies are those of Ferris (1920),
Beachley and Bishopp (1942) and Dalmat (1942).

The general approach to a systematlc study of cuterebrid
larvee is the study of the followirg features: (1) the rela-
tive aize'and shape of spinos,'(z) the number and distribution
of spines, (3) the structure and size of the posterior spir-

acles,and (lj) general appearance of the larva. Knipling and
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Brody (1940) stated that there were other characters of lesser
importance, namely the size and shape of the larva, the gener-
ql structure of the cephalopharyngeal mechanlism, and the size
and shape of the anterior spiracles,

‘The body of the first stage larva was shown to be fusi-
form, tapering at both ends and measurements on the early
instars have been recorded by Ferris (loc. cit.) and Dalmat
(loc. cite.) as 1.4 to 4.2 mm. in length and 3.2 mm. for the
width, The latter author discovered that 12 segments were
visible in this stage, and demonstrated cone-shaped dermal
appendages. On the twelfth segment the posterior spiracular
plate was found with each spiracle terminating in two slits,
Records of the color of the stage were not given in the text
of these authors.

~ However, in his study of the second instar, Dalmat (1942)
stated that the body was white. The average length and width
wasv9.5 mm. and 3 mm. regpectively. Cone-shaped and scale-
like spines were seen covering the segments. Some cone-
sheped spines pointed posteriorly and others polnted anter-
iorly. These spines were situated on the anterior and pos-
terior aspects of a segment, and the direction of the spines
was the reverse of their 1ocation. Cone-shaped spines, ace
cording to Cameron (1926), may be single or multipointed in
certain larval specles. Specific spinal characteristics for
each of the twelve segments were presented by Dalmat (loc.

cit.), along with measurements on the posterior spiracles.



The spiracles measured 0.12 mm. in length and 0.18 mm. in
width. Knipling and Brody (1940) found in their investi-
gations that the length and width of the spiracles was 0,30
mm. and 0.26 mm. It is probable that the latter authors

had a later phase of that stage. After internal examination
they found that the average length and width of the cephalo=-
pharyngeal skeleton was 1.6 and 0.75 mm. No measurements of
spines were carried out in the studies cited above.

In studying the third instar, the degree of pigmenta-
tion of certain spines was recorded (Knipling et al., loc.
cit.). They stated that pigmentation distinguished the rela-
tive age of the larvae, that is a newly molted larva from
a mature larva. There was a lack of pigment in the former
larva, and the mofe mature a bot became the darker the larva,
Lengths of mature larvae ranged from 20 to 43 mm. and widths
approximately equal to one-half the lengths. Spines were
measured from base to tip to obtain lengths ranging from
0.36 to 0,80 mm. Base measurements for width ranged from
0.25 to 0,65 mm, These range variances were reflected in
larvae of different Cuterebra species., A comparison of lar-
val characteristics was presented by Knipling and Brody

(1940) using Cuterebra buccata and C. cuniculi= (horripilum) as

the bot examples,
The sampling material of cuterebrid larvae employed in

the descriptions of the above workers was here discovered
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to be rather limited. Thus need of a greater bot sample is
necessary in order to achieve more finite characteristics.

The systematic study of pupae has been neglected by
workers, probably because of the immediate fixing of mature
larvae for future investigation. The puparium is essentially
a dried hardened third stage larval skin, which has a more
spherical shape, reflecting a stouter condition.in the middle
and posterior (Dalmat, 1942). Due to the shrinking effect,
only ten segmehts are visible as the cephalic end spiracular
gsegments are so retracted that they are not discernible,
Anterior spiracles, everted during pupation, may be found
between segments 2 and 3 of the puparium as two light brown,
column-like tubercles projecting from the integument (Knipe-
1ling and Brody, 1940). It was possible to retrogress by
studying the morpholbgy of a puparium with mature larval
features, from which an identified adult fly emerged.

Dalmat (loc. cit.) stated that the emergence of the
fly was brought about By the detaching of the dorsal aspect
of the first 5 segments in a single piece often referred to
as a cap. This method of ecdysis is typical of the dipteran
suborder Cyclorrhaphsa.

Among the families of Diptera, and particularly in the
Oestridae, a structure termed the "button" may be present in
the mid-line of the posterior spiracular plate. This struc-

ture is essentially an accumulation of scars produced by the
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discarded spiracles of the preceding stage. Greene (1925)
stated that the Cuterebra larvee lack the button in the
spiracular plates. However, papers by Knipling and Brody
(1940) and Dalmat (1942) showed posterior spiracular plates
with buttons present in the third instar. The resolution of
this problem will be discussed later,

Of morphological significance is the length and width of
the posterior spiracles and of the spiracular plate itself.
In a third instar example cited by Dalmat (1942) the length
and width of the posterior spiraclevwere 1.1 mm, and 0,5 nm.,
respectively. Two kidney-shaped spiracular plates, each
containing three well defined sinuses, were 0,91 mm. long
and 0,33 mm. wide.

It was hoped in this work that the various inquiries on
the 1life cycle of cuterebrid species would be clarified. 1In-
stars of larvae were studied in the hosts to determine the
seasmal periodicity, duration and incldences of the larvae,

In these studlies some effects of the larvae on the hosts were
ascertailned.

As a consequence of the life history study, ecological
data was determined. Ecological factors such as soil and
vegetatlion were examined in relation to the environment of
Cuterebra. Modes of infection were studied from the above
investigations.

Systematic investigations on cutersbrine larvae were

carried out with the object of separating various Cuterebra
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instars. Morphological simllarities and differences of the
larvae were discovered which were used in their species
identification.

Confirmation of the larval species was accomplished in
the taxonomic studies of pupal cases from which identified

adult flies emerged.
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MATERIALS AND METHODS

The cholce of a cuterebrid infected host was founded on
the fdcility of capture and handling as well as obtaining
substantial numbers of hosts and parasites. Michigan cotton-
tails, Sylvilagus floridanus mearnsii, reasonably fulfilled
the study prerequisites,

Subsequent observations were made on individual hosts
in order to follow the course of infection. In the contine
uous recapture of hosts, some questions on the 1ife hisgtory

of Cuterebra were clarified. However, these periodic studies
werre not so froequent as to interfere with the natural habits
of the cottontails. The study area was carefully analyzed
Prewvious to the onset of trapping, and also while in the
Cour~se of the project. Proposed areas for analyses were host
burxrows, nests, runways, and feeding areas.

Tabulation of data was done while in the field in order
not T o lose the freshness of ideas. Infected animals were
br°u8ht into the laboratory under conditions similar to their
mbitat, and more complete studies were carried out. They
vere xeleased into the study area as soon as possible to ob-
rve re-infection. Situations peculiar to the procurement
°T @Quit rlies and larvae were established in the field.
The A pproach to the problem of the life history and ecology
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of Cuterebra was adapted as nearly as possible to natural
conditionse.

For the systematic study the collection of larval
material gave an adequate sample of various instars. Ingse
much as larvae obtained from cottontails were allowed to
complete pupation, additional lerval specimens had to be ob-
tained. Larvae were obtained from road kills, rabbits killed
by hunters and trap-killed cottontails. Various other repre=-
sentative instars of larvae were collected from other hosts.

Other sources of these examples were veterinarians and state

consgervation departments.

A. FIELD STUDIES

Oof first concerh was the mapping of the study area, in
Whi ch vegetation, topography and soil was graphically recor-
deA ., The area under investigation was the state game farm
neax Mason, Michigan. The game farm functions principally
as a pheasant farm, covéring an area of 250 acres. However,
the grea offers excellent habitat for rabbits.

- Trapping investigations began May 5, 1953. Thirty-two
Vireae live traps were set in areas thought to be of rabbit use.
Dallw visits to the trap line were made from May 5 to l;ovember
b, 1953, and observations were recorded. A normal run of
the trap lines would congist of an early morning inspection

or The traps for captures, closely scrutinizing the vegetation
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bordering rabbit runways for cuterebrid eggs, observations
from a hidden area in the swales and wheat fields for adult
flies and noticing rabbit movéments. closely. Wheat plants
found on the edges of the fields were inspected for eggs.
Beamer (1950) stated that the e.ggs were seen with the naked
eye. '

Six o'clock in the morning proved a fruitful hour to
study rabbit movements. Field observations on the adult
flies were made later in the day when the temperature was
warmer.

Upon capture the rabbit was moved from the wire trap
into a cloth bag and weighed. Rabbits were then immediately
tagged in the ears. The tag number, age, sex of host, and
are a of capture were i-ecorded. Cuterebrid larvae examina-
tiors were accomplished in the field while the animal was
8t1 1] in the bag. Areas of the neck, back, scrotum and

Showu lders were examined for warble formation, cuterebrid
°€Z= @nd larval air holes. This examination consisted of a
close scrutiny of the skin and a detailed palpation of the
MONt X oned areas. Other areas of the body were generally ob-
Serve g,

The location, stage and number of bots on infected cotton-
tall e were noted, along with measurements of air holes when
foung « If the "bot" stage in the rabbit happened to be a
8®Comnq or a third instar, the infected rabbit was brdught to

t
he niversity laboratory for further study. A cottontail
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with a mature larva was placed in an outdoor wire pen and ob-

served. Dropped mature larvae were collected and effects on

the host were summarized., Infected rabbits were released

into nature a few weeks later, being temporarily held in
order to study whether latent original infections would reach
their final location.

The other method employed in the collection of cotton-

tails was that of collecting highway killed specimens, This

was carried out_ in the spring of the years 1953 and 1954 by
means of early morning observations of various highways,
Counties of Mich;gan studied were Ingham, Kalamazoo and Barry.
Samples of cottontails at this time of the year were suffi-
clent as rabbit movements were intensive during mating season.
Autopsy protocols were carried out on these cottontails,
in which the animals were first externally observed for war-
ble s, Then the specimen was skinned in order to check sub-
Cataneous larvae or remnants of larval scars. Nasal and oral
Cawvy ties were examined as possible larval migratory routes.
In"-‘-ernal examinations were made of the body cavities, mesen-

ter-3 es of the abdomen, the digestive tract ana the musculature
of € he back, neck, fore and hind limbs. Scrota of males
"ere dissected for larval stages. Specimens submitted by
hunters in the fall at the Kellogg Forest, near Battle Creek,
Mi(“higan, were handled in the same manner, However, in the

"jority of the hunting cases, the larvae were extracted from
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the hosts. These larval examples, depending on the stage of

the parasite; were either kept for pupation or for mode of

infection studies.
Mature larvae collected for pupation outdoors were placed

in soils of various ecological situations. Fly traps were

planted over the pupation sites. Thirteen sites were established

by November 2l;, 1953 at which time rabbit trapping was termi-

nated. These sites were routinely examined throughout the

winter and spring to prevent damage or disturbance.

Fly traps were also employed during the summer of 1953

for the procurement of adult cuterebrid flies. Various baits

were placed under the traps in the hope of luring and evene
Baits used were gasoline,

tually capturing adult flies.
The above bait solutions

vinegar and commercial rabbit lure.
wWer-e applied to the sponge of a "sweat band", and the band was

Wrapped around the trap, placinghthe soaked'sponge under the

funnel of the trap. Every three days the sponges were re-

80alred with the solutions. Fly traps were set in areas where

8dul ¢ flies might habit.
Mode of infection studies were carried out in the field

dur I xg the summer of 1954. Inasmuch &8 areas of high

w infection were discovered from the previous year's
Study, bait pens, containing live cottontails were established

thebe. Cottontails used in these studies were isolated for

°ne month prior to placement in the bait pens in order to
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insure a negative pre-experimental condition. Different
ecological e ffects, such as experimental exposufe to vege-
tation, lack of vegetation, field borders, swale edges, brush
piles, outbuildings were individually attempted. Domestic
white rabbits were also employed as controls in these out-
door situations. Bait animals exposed to vegetation were
allowed to eat the prevailing vegetation. However, cotton-
tails not having vegetation were fed commercial rabbit feed
only. . A1l animals were given water in an inverted animal
cage drinking tube, for the purpose of avoiding possible
cuterebrid egg contamination. Routine procedure of bait
pens consisted of semiweekly examinations of the host and of
the pen for phases of the 1life cycle of Cuterebra.
Concurrent with the Mason game farm study, a similar
tl’apping program was started on August 10, 1953, under the
Supervision of Mr. Aelred Geis, at the Kellogg Station, near
Batt1e Creek, Michigan. Though the program was later than
th° Mason area, it was partially ‘compensated by the use of
SéVventy-rfive 1ive traps on 450 acres. |
A duplicate cottontall study was again started at Mason
°n May 20, 1954, employing fifty live traps. This last
trapping project terminated on November 20, 1954.






B. LABORATORY STUDIES

Cottontails with second or third stage 1arva.e were
brought into the laboratory, and were placed in animal cages.
The fecal trays were filled with sand to a depth of L4 inches,
in order to allow pupation of dropped mature larvae. Periodic
investigations, every two days, consisted of recording the
weight, the air hole diameter of the larva, the appearance or
disappearance of larvae, and the time of healing of larval
cysts after the mature larva dropped. Cottontails were
held for one month in the laboratory to check for possible
latent original infections. - The hosts were then released

in to the study area and closely studied in subsequent cap-
tures for reinfections.

Some collected mature larvae were allowed to pupate 1n

Jar s containing depths of sand. The depth varied from 1 1/2
to © inches., Observations on pupation were recorded. At
the end of fall trapping 1954, thirty-nine pupation jars with
Eauz=e or muslin tops had been set up. Sixteen jars were
Placegd in a cool damp basement at the game farm on September
1o, A954. Temperature was recorded throughout the winter
unty 3 Jamuary 16, when the pupae were brought to the labora-
tory  ana left at room temperature. The remaining pupation
Jarg were individually brought into the laboratory as soon

a
2 The pupae were established.
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C. SYSTEMATIC STUDIES

The primary objective in this study was to collect
mature larvae, allow them to pupate and to identify the adult
flies obtained. Once the adults were known, the puparia were
studied for larval taxonomic characteristics. In this man-
ner known types could be established for future reference.,
However, inasmuch as the possibility of procuring success-
ful pupations was rather small, larvae from various hosts
were collected. 1In general, these latter larvae were received
from outside sources in a preserved condition.

Hosts recorded from samples in fixative were dog, cat,
-Wwhite-footed mouse and jack-rabbit,. Also they were from
cottontalls, peculiar to the states of Michigan, New Jersey,
Peninsgylvania and Wisconsin. These bots were segregated ac;-
cording to host and studied separately. Features studied were
8im3¥ lar to those suggested by authors in the introduction.

Measurement of the larger spines, posterior spiracles and

°ral gkeletons were taken with a compound microscope at 100

Magr» % rfications, using an ocular micrometer.

The method of preparing the stigmata for identification
vas <arried out in the following manner. Since the larvae
Vere hardened in alcohol for a number of days prior to re=-
Celip T, the stigmate were rather firm and could be cut out.
Thia disection was best accomplished under the stereoscope

w
itn the aid of two microneedles and a pair of microscissorse.
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Anchoring the bot specimen firmly in a paraffin mold, the
stigma was teased with the microneedles and excised intact
with the microscissors. Stigmata from the first and second
instars could then be passed through two S5-minute changes of
70 percent and absolute alcohol. The section was rinsed
well 1in diaphane and a coverslip placed on a glass slide
‘usingdiéphane as the mounting medium. Due to their dense

| ‘pigmgﬁtation the stigmata of third stage larvae and puparia
had to be cleared first in a boiling 10 percent KOH solution.
Boiling was usually contimied for an hour or two in order
to obtain clear spiracular plates. After removal from the
KOH solution, the stigmata were washed in ﬁater thoroughly,
dehydrated in the usual manner and mounted in diaphane.

- A similar protocol was used for the preparation of
cebhalopharyngeal skeletons, However, in order to obtaln ex-
cellent view of the specimen, the skelefor_x was cut with micro-
8clssors et the hypostomal bridge and each section was
rt‘tm.u:xted_ showing an outer lateral and imner lateral surface.,

Areas of segments showing the shape and multipoints
°f =pines were excised and mounted in diaphane.
The segments of the bots were closely studied for dif-

re‘t'el’l tiating characteristics to separate the larvae as to

rec 3y €s,
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RESULTS
A. LIFE HISTORY
l, Obvious Appearance of Larvae in Their Hosts

- It seemed that with the continuous recapturing of cot-
toratalls the development of larval stages in the hosts could
be studied. Data gathered on the trapping of Mason rabbits
in 1953 revealed the percent of recaptured rabbits to be 35
by November 7. ‘With this recapturing certain facts on the

timely appearance of larvae were noted. On August 1, 1953,

a rxrecaptured adult cottonteil which was previously diagnosed
externally as negative for Cuterebra July 10, 1953 » was found
to have an early third instar in the neck. Thus, it was only
22 Qays from a probable negative condition to an apparent
thi:_r'd stage. This larval time period occurred in three in-
fected recgptureg. Another cottontail previously captured
°n  July 21, 1953, and externally determined as negative for
m&ag_pg_a_ larvae, was recaptured on August S5 with an early
thira& instar larva. Time for this larval example was 15
days‘ Various other examples of larval growths were: from
Negatyyve to an early third instar, 26 days; from negative to
& wel y healed larval wound (dropped mature larva), 39 days.
The Presented data reflected an obvious internal larval ep-

pear&nce in cottontails approximating the time of 22 days.
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2. Anatomical Locations of Larvae Infections

Of forty-nine rabbits infected with Cuterebra larvae
dux*ing the two year st;ldy at Mason, only one example diverted
frox the neck region. This single example was in the left
front leg over the suprascapular region of the shoulder bone.
In +the Kellogg Station data of 1953 two cottontails were
fowurmd showing unusual infection sites. One cottontail with
fourx cuterebrid larvae had two of the larvae in the cheek
region and two in the neck. The other had one larva on its
baclk and another larva in the scrotum. The primary site of
Cuterebra infections in 187 southern Michigan infected cotton-
taill s captured at the Kellogg Station and Mason Farm was in

the neck.

3. Field Pupation Experiments

Eleven outdoor pupation sites were established in 1953
to de termine times of emergences of adult cuterebrids. These
sites were investigated throughout the winter and spring in
°’dex> +to maintain the fly-traps. In the late spring of 195l
the 1o cations were frequently checked for newly emerged
8dult 1165, Only one fly-trap had a positive result. The
larva _ased in this trap was taken from & white-footed field
mouse ,

Peromyscus leucopus, on August 27, 1953. On the very
da
Y ©f capture the mature larva pupated in the sandy soil
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of the pupation site. A densely vegetated sumac border was
the site of this fly trap. Date of emergence was July 25,
195S), which offered a pupation time of nearly 1l months.
Dx « Sabrosky later identified the fly as a female Cuterebra
forxxtinella. Longevity of this fly was only one day in a

la boratory container. No studies on the modes of infection
cowld be carried out with this cuterebrid fly. The remaining
terna unsuccessful pupation sites were retained in the field
until the spring of 1954 Though the pupae were discovered
to be intact in the fall of 1953, no flies emerged the spring
of 195)4.‘ Thus, the Cuterebra appeared in this study not to
show a two-year cycle., Also it was found that one generation

& yeoear existed in Michigan.

4. Field Notes on Pupation

~Mature third stage larvae were studied outside their
h°8_tl; for times of survival. This extraneous situation was
thr i ce recorded as 9, 10, 13 days before any serious changes
Pegan . This range of 9 to 13 days may be beneficial to the
Aropp ed mature larva in awaiting a suitable pupation.

WUpon dropping on similar soll, mature third instars
Were yoted to i'eact in two ways. One manner was the immedi-
Qte Burrowing of the larva in the soil. On the other hand,
othe_l‘ mature larvae merely laid on the soil surface with

1 v
i1t de locomotive action.
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Burrowing time was notegi to be in relationship with the
type© of soil. In sandy soil, five mature larvae revealed an
avextage of 10 minutes. However, in sandy loam the average
time for six mature larvae was 15 minutes. Edaphic areas
re corded were solely those of light types such as sand and
lo&xn, Depths recorded on 27 burrowing larvae revealed
rarigied from 1 1/2 to 2 1/2 inches. There was no evidence of
subterranean lateral migration by larvae during burrowing

in 'thx.-ee dozen soil jar containers used for pupation experi=

menits,

5. Autopsies

Sixty-twe cottontails were examined during the two-year
rabbit study. These rabbits were autopsied throughout the
POs s1ible Cuterebra cycle, that is from May to December. Foz;
exte xrnal investigations examination areas for cuterebrid
°8Z = were the lips, nose, neck, shoulders, abdomen, scrota,
@nAd Ieels of the hosts. Also in these areas the skin was
Close d1y examined for perforations which might be larval entry
8ites . Larvel migratory routes, larval cysts or representa-
tive Adarval stages were sought in the internal investigations.
The ©rly positive prosecting was a discovery of a first instar
Suter eprid larvae on June 28, 1953, which is discussed under
rir.stf stage larvae seasonal periodicity. There were no other
e:‘“‘.'ex'hail. or internal evidences of any phase of the Cuterebra

h §
1fe history in the autopsied animals.
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6. Duration of Instars

Captured rabbits, having Cuterebra in situ were taken
to the laboratory for further observation. Twelve examplea
wexre observed intermittently from July 25 to September 25,
1953 . An enimal which reflected the general time of cutere-
bri A larval stages was an adp.lt female cottontail, Primary
eap ture was -on July 10, 1953, at which time the rabbit was
not obviously infected. However, on August 1, 1953, it was
infected by a mid third inster and in just elght days the
ma tuare larva dropped and a pupa was formed. Another example,
an adult female rabbit, whoa‘eAprima.ry capture examination
was megative on June 30, 1953, had an early third stage infec=-
tion July 25. A mid third stage infection was recorded on
July 31. The mature larva had dropped out and formed a pupa
on Auagust 8. Summarizing the laboratory 1a£va1 data for
1953 and 195} it was discovered that about 6 days elapsed
from an early third stage to a mid third stage. Nine days
W¥as mo ted for the duration of a mid third instar to a pupa.

7 Air Hole Diameters

L € was noted that upon checking cuterebrid larvae in the
h
°St, <the air hole diameters gave significant data as to the
st
fge O©f the larva. For example, air hole diameters for the

e
arly Tthird stage larvae ranged from 3 rm. to 9 mm. No
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diametersbelow 3 mm. were found in this study. Confirmation
of <*Tthis stage at the minimum point was made by excising the
laxrwa and identifying it. The larvae which were light brown
in <color had incomplete spiracular plates and intermediate
spimnes which were low and not completely developed (see

de s criptions under Systematics). In the mid-third stage
laxwvae the air hole range was from 10 mm, to 13 mm. At the
13 xam. diameter the larvae were observed in the laboratory
sp® coimens to be one-quarter out of their "larval cyst or
bag ™. Diameters at the time of mature larval dropping-were
between 14 mn. and 16 mm, Usually the 17 mm. diameter showed
& vacancy of the larval bag and & healing process beginning.
No first or second stage larval alr hole diameters were ob-
Serwved throughout the study. These larval air hole .diameter
aver mges were taken from sixty infected cottontails of which

thre & cases are presented in Tables I, II, and III,

8. Mode of Infection Studies

W1ith the trapping project of 1954 came the knowledge
°T wha ¢ areas had the highest infestation of cuterebrid
larvae e In these determined areas 22 live bait pens were
eat‘ablished to discover the mode of infection. Two positive
“Uterevrid infestations were obtained. One location was a
combination lumber and fence wire salvage dump. This sal-

va .
&s Qump was bordered on the sides by a cornfield, evergreen
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TABLE III

A TABORATORY AIR HOLE DIAMETER STUDY ON PHASES
OF THIRD INSTAR CUTEREBRA, 1954

——————
e

—
——

Host #403-404: Juvenile Male Cottontail
Date 8-5-5) 8-8-54 8-11-54 8-14-5l 8-18-54 8-19-54 8-24-5)

Larval # 1 1 1 1 1 1 1
Larval early early early mid late

Stage 3rd  3rd 3rd  3rd  3ra PUPR D&
Alr Hole '

Dia,(mm. ) 3 5 6 12 16 17 scar
Rabbit

Wt.(0z.) 23 23 2l 2l 2 26 29
Days 0 3 3 3 4 1 5
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hillside =&nd willow swale which had greenbriar and sumac
interming led on its border. It was in this swale that an
adult cut erebrid was observedrin the summer of 1953. The
wire cag e, measuring 8' x 3' x 3', was placed in the middle
<of the AQ~ump and was supported tﬁree feet off the ground.
On June 10, 1954, a wild cottontail previously determined
as negattive by palpation and isolation was placed in the
pen anA was observed semiweekly for cuterebrid larvae. At
no times was the animal in contact with natural vegetation.
Also pe» x~10dically examined for cuterebrid eggs were the
nesting box and the rabbit cage. An early instar was dis-
covereA. in the left side of the neck on July 11, 1954, with
an air Iaole diameter of 3 mm. No eggs were found on the
host nox~ in the pen. A mid third instar was reached July
28, 1952y, The larva dropped from the host July 30, 195L|., and
Was plaaced in a pupation jar where it pupated the next day.
An autODsy carried out on the host revealed no evidence of
migratQt‘y routes or other larval stages.

I'Oeation of the other positive bait experiment was in
N aregq having a high larval incidence in 1953. This perma=
nent Game Farm pen measux;ed 50' x 15' x 8' and was exposed
to natur'al vegetation. A rabbit burrow was supplied in the
pen. Similtaneously, two adjacent pens containing white
domestic rabbits were similarly established as controls.
On & J .

Une 17, 1954, two male juvenile cottontails originally
d.ete

Tmined as negative, again by palpation and lj weeks
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isoclation 5 were placed in the cage. These were checked &as in
the previ ©us bait experiments.

An e arly third instar was discovered in one juvenile
cottontad 1 on August 19, 1954. Previous to this date no
positive gigns of larval infection were noticed. Larval
development was followed until maturity which was on August
27, 1951y . The larva dropped from the host three dajs later
and pup&ted on September 1. After the infection the host
was sac x-ificed and autopsied, revealing no larval stages or
migratos x~y routes. No Cuterebra larvae were discovered in
the domaes stic rgbbits which were held in the cages until Octo-
ber 5, 1.95Y.

B. ECOLOGY

It yas discovered that spring and summer trappings of
Magon Cottontails were rather difficult due, in part, to
the ave 3§ 14b111ty and abundance of existing natural vegeta=
tion, (G.'paph I). This vegetation was more appealing as food than
‘the Tle 14 corn used as bait in the traps. Thus, the sampling
data o wild cottontails was not great compared to numbers
Obtainﬁd in fall and winter. Later in the year there was
on 1n°-1’ease in captured rabbits due to the juveniles apd a

la
ck OFf natural vegetation which favors trapping.
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Graph 1

Mason Trapping Record

1953
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le Xxacidence of Infected Rabbits on Mason Game Farm

The <Lfirst trappihg project began May 5 and ended November
2y, 1953 5 at which time 138 céptured cottontails resulted in
212 captures and ;'ecaptures. Because the curve of larval in-
cidence occurred betweeh July 19 and October 17 W(Graph 2), only
those ra bbits capﬁured duﬂng that time were considered, yw.ithin
this tixme range 113 rabbits were trapped of which 29 had a
cuterebbx~1d infection (Table IV), Therefore the percentage
of bot A nfestation was 26, In general, the infections were
8lightl » greater in adults than in.juvenil'es, however the
periocdl < ity of infections varied according to age groups.
Juvenil e s had an incidence peak from August 2 to 15 whereas
the adu 2 t pattern reflected “up and down" cycles throughout
the Pro Ject. The summer of 1953 was markedly and constantly
high in temperature offering what was believed to be favorable
conditi ong for cuterebrid infestations. |

Ine jdence of Cuterebra larvae in the Mason game farm

cottonta 134 captured in 1954 was 29 percent. Number of rabbits
handleq during the infective period were only 57 (Table V).
In Part  pecause of biological knowledge of the study area
Obta_ine»d frqm the previous year's investigation, there was
¢ hign spring collection of rabbits (Graph 3). However, as
the 1:I'&pp:lng continued low numbers of cottontails were ob-
tained due to. the high juvenile mortality observed in the

fie :
ld‘ Inclement summer weather was believed contributory
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Incidence of Cuterebra larvae
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Graph 3

Mason Trapping Record

Total Adult Rabbits
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to this situation. Additional factors were changing ecolo-
gical and agricultural conditions which were believed due,
in part, to the farm crops program established at the Mason
Farm that summer,

The peak of incidence of juvenile rabbits in 1954
(Graph L4) was found to be on August 2 which would correlate
with the peak obtained in 1953. Also comparatively similar
were the incidence peaks relative to adult rabbits. In the
later phases of the curves, minor peaks were noted indicating
the appearance of emergent adult flies which coﬁtinually
arose from puparia during the summer and fall., These newly

emerged Cuterebra adults woﬁld propagate new larval infec-

€t 1ons resulting in new minor cycles and peaks.

The number of warbles per infected rabbit was generally
Xound to correspond with the peak of incidence (Tables VI and
VIIXI)., This i1s explained by the concentration of larvae at
That time which would lead to greater infections on individual

rabbitﬂo

<2« 1Incidence of Infected Rabbits on the Kellogg Station

All larval material presented from the Station was

C8rxjed out by A. Geis. Cuterebrid larvae infections in

the Kellogg cottontail sample of 1951 were highest on
Ju“'enile rabbits during August 11 and 31 (Graph 5). Adult
ec)":"'k)ntails showed a peak in bots between September 1 and 10,
Table VIII relates the percent of cuterebrid larval infections
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Graph 4
Incidence of Cuterebra larvae

in Mason Game Farm Rabbits 1954
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TABLE VI

NUMBER OF WARBLES PER INFECTED RABBIT
MASON GAME FARM, 1953

- — — e 3
Adults Juveniles

Number of Warbles Number of Warbles
Date (1953) or Holes or Holes

2 3 Aver. 2 3 Aven
1

July 19-25

July 26=-Aug. 1
Aug. 2-8

Augo 9-15

A\lgo 16"22

Aug. 23-29

Aug . 30=Sept. 5
Sept. 6=12
Sept., 13"'19
_Sept. 20-26
Sﬁpto 27-00t. 3
Oct. lp-lO

Oct, 11-17

Total
- ]

HOOKFWOMNKFOOOKKM |

NI HFOOHKFOKKFOOMNMKHN
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o
n
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TABLE VII

NUMBER OF WARBLES PER INFECTED RABBIT
MASON GAME FARM, 1954

— — _ — — —  — ——————
Adults Juveniles

Number of Warbles Number of Warbles
Date (195L4) or Holes or Holes

2 Average 1l 2 Average

>

July 19-25
July 26-Aug. 1
Aug ) 2-8

Aug ° 9-15

Aug . 16-22 1
AUE . 23’29 1
Aug. 30-Sept. S
Sept. 6-12
Sept. 13-19
Sept. 20-26
Sept. 27=0ct. 3
Oct. ’.|.-10

Oct. 11"17

Total

L

Hi |

OHOOKHWO

N OHOOFFOMMH MK

3 1 1.3

-
(o]
n
[y
°
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Incidence of Cuterebra larvae in

Kellogg Station Cottontails, 1951*
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to be 29, This was determined from a total rabbit population
of 272 which revealed larval infections in 79 cottontails.
In this survey more juveniles had larvae than did adults.

In Table IX the larval incidences for 1952 give a total
percentage of larval infections as 19 which is quite low
compared to results in 1951. The rabbit sample for the later
year was 191 of which 38 cottontails were infected. There
was no evidence in Graph 6 of a definite peak of larval in-
cidence for juvenile rabbits., However, it did appear that
the Jjuvenile curve was in the late phase of its infection,
(that is, 1t may show only the tail end of the curve. The
adult cycle related a peak during September 1 and 5 which
did compare chronologically with the data for 1951 on the
same area.

A situation similar to the above seems to exist for the
juvenile curve of the 1953 Cuterebra larval incidence (Graph
7)e This curve exhibited a downward trend phase. Though
the adult example did not show a peak as high as the past
years, nevertheless there was a peak occurring between Sep-
tember 1 and 10 which did approximate the condition found in
1952, Twenty-one cottontails from a total population of
149 were infected with Cuterebra resulting in a 14 percent
infection. This percent infection recorded in Table X
was the lowest obtained in all the larval studies under-

taken at the Kellogg Station. Essentially, the number of
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INCIDENCE OF CUTEREBRA LARVAE IN KELLOGG STATION

OTTONTAILS, 1952%

Time of Captures

Aug. Sept. Sept. Sept. Oct.

Oct.

Total

26-31 1-5 17-20 21-30 1-10 11-20

# handled 16 17 15 52 51 4o 191
# adult rabbits 6 2 2 8 L 3 25
# juvenile rabbits 10 15 13 4y 47 37 166
# adults with larvae 1 1 0 0 0 0 2
# adults with holes 1 1 0 0 0 0 2
# adults not infected 4 0 2 8 It 3 21
# juveniles with larvae 3 L 5 7 2 1 22
# juveniles with holes 1 0 1 5 I 1 12
# juveniles not infected 6 11 7 32 4 35 132
4 total with larvae 25 29 33 13 2 12
£ total with larvae or

holes 38 35 o) 23 12 5 19
% adult with larvae 17 50 0 0] 0 0 8
% adult with larvae or

holes 33 100 0 0 0 0 16
% juveniles with larvae 30 27 38 1 Ly 3 13
% juveniles with larvae

or holes 4o 27 L6 16 13 5 12

*From A. Geis.
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Graph 6

Incidence of Cuterebra larvae in

Kellogg Stetion Cottontails, 1952%
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Graph 7

Incidence of Cuterebra larvae in

Kellogg Station Cottontails, 1953%
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INCIDENCE OF CUTEREBRA LARVAE IN KELLOGG STATION

~ COTTONTAILS, 1953%

Time of Captures

Aug. Aug. Sept. Sept. Sept. Oct. ~Cvel
11-20 21-30 1-10 11-20 21-30 1-10

# handled 16 15 13 15 36 54 149
# adult rabbits L 2 5 2 8 6 27
# juvenile rabbits 12 13 8 13 28 48 122
# adults with larvae 1l 0 0 0 2 0 3
# adults with holes o] 0 1l 0 0 0 1
# adults not infected 3 2 4 2 6 6 23
# juveniles with larvae 5 3 1 1 1 1 12
# juveniles with holes 1 (0] 0 2 1 1 5
# juveniles not infected 6 10 7 10 26 U6 ]\.OS
% total with larvae 38 20 8 7 8 2 10
%4 total with larvae or

holes Ll 20 15 20 11 L 1y
4 adults with larvae 25 o] 0 0 25 0 11
4 adults with larvae or ,

holes 25 0 20 0 25 0 11
% juveniles with larvae L2 23 13 8 4L 20 10
% juveniles with larvae

or holes 50 23 13 20 7 L i

*From A. Gels.
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warbles per infected rabbit shown in Table XI was greatest
when there was a peak in the incidence of Cuterebra larvae
among the cottontails.

Graph 8 represents a composite picture of the averages
obtained from the larval incidence studies carried out at
the Kellogg Station and the Mason Game Farm. This was accome
plished by chronologically tabulating the inciaence percen-
tages resulting from the individual studies and finding the
percent averages therefrom. These results mainly strengthen
the previously presented fact that the peak of larval inci-
dence among southern Michigan juvenile cottontails is found
between August 1 to 20. Also that the adult rabbit incidence
curve presents an opposite condition wherein the major peak
of incidence occurs between July 20 to 30, along with the
secondary peak between September 1 to 10, Slight variances
in peak incidences between the two study areas and various
years are probably due to fluctuations brought about by
sampling material and ecological factors.

The period before a peak incidence in larval infections
as seen in Graphs 1l and 3 showed that few juvenile cottone
tails were captured. Fileld observations during this time
revealed cottontalils hiding during the hot July days
in dark densely vegetated areas and in nests or burrows.
After this *periodic hiding"rthe percentage of Cuterebra

infected young cottontails captured is quite high., Perhaps
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TABLE XI

NUMBER OF WARBLES PER INFECTED RABBIT
KELLOGG STATION, 1951, 1952

— ———m——— so— —— o —
et ——— S——— ————

Adults Juveniles
Number of Warbles Number of Warbles
Date (1951) or Holes or Holes
1 2 3 ﬁogﬁ Aver. 1 2 3 gog: Aver,

July 20-30 1l 1.0 0 0
Aug. 1-10 1l 1.0 2 2 2.0
Aug. 11-20 1 1 1.5 2 L 3 1.9
Aug. 21-31 2 1.0 2 1 had 8 2.2
Sept. 1-10 1l 1,0 1l 3 2.5
Sept. 11=-20 2 1.0 6 3 lhad §}4 1.6
Oct. 1-10 2 loo 10 1 lol
Oct. 11-20 0 0 6 1.0
Oct. 21-30 0 0 1l 1.0
Nov, 1-10 0 0 2 1.0

Total 11 1 1.1 45 11 11 i-ﬁ' 1.6

(1952)
Aug, 26-31 l1 1 1.5 3 1l 1.2
Sep‘b. 1-5 2 100 u- 100
Sept. 17-20 0 0 5 1 1.3
Sept. 21-30 0 0 9 1l 1 1 had i} 1.5
Oct. 1-10 0 0 S 2 1.3
Oct. 11-20 0 0 2 1.0

Total 3 1 l.2 28 L4 2 1-4 1.3
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Graph 8

Incidence of Cuterebra larvae in Southern Michigan
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this hiding may be conducive to cuterebrid infections inasmuch
as adult flies prefer dark situations and nesting areas

(Cameron, 1926).

3. Incidence of Larvae in Sex of Rabbits

Resuits‘tabulated in this survey showed that the male
cottontails have an incidence of cuterebrid.larvae approxi-
mately twice as high as the female rabbits (Table XII). The
month of August 1is the primary month of infection which
would compare with the seasonal larval incldences. This
higher occurrence in male rabbits may be partly explained
by thé activity_of males in searching for mates during
breeding aea;ons,thus offering a greater captured sample.
Also in all probability more female cottontails, either
pregnant or with young in nests, are less likely to wander

under those conditions.

L. Seasonal Perlodicty of First Stage Larvae

There is no mention in the literature relative to the
perlodicity of first instar larvae in Michigan cottontails,
The first example of a cuterebrid infection in rabbits was
a highway kill that was found in Ingham county near Mason,
on June 28, 1953. Upon skinning, a first instar was dis-
covered in the region of the neck immediately under the
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TABLE XII

INCIDENCE OF CUTEREBRA LARVAE IN SEX OF
MASON COTTONTAILS, 1953 and 1954

1953 1954
Date
Male Female . Male = Female

July 5 3 3 2
August 7 3 6 2
September 6 3 5 2
October 1l 1l 0 0

Total 19 10 1 6
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skin enclosed in a nodule approximately 11 mm. in diameter.
Close observation of the infected area revealed no larval

bag or air hole. Measurements on the larva were 5 mm. long
and 2 mm, wide. Léngth of larval life was one day in a Petri
dish.

Examples of other first instar larvae were from preserved
material sent in to the laboratory. These were from veterinary
sources and the hosts were domesticated cats. Dates of col-
lection were recorded in the months of January, August and

September,

S5« Seasonal Periodicity of Second Stage Larvae

The first recorded second instar in Mason cottontails
was on July 25, 1953. A swelling under the neck was pal-
pated in an adult rabbit and the warble was extricated from
the bag by a scalpel. The nodule measured 15'mm. in diameter
‘ahd the larval measurements were 10 mm. long and l mm. wide.
Upon microscopic examination it was determined to be a late
second stage cuterebrid larva. No air holes were
discernible., In Table II there is noted a cottontail which
revealed subsequent larval infection not originally recorded.
On July 23 the host was found to have an early third instar
on the left side of its neck. The animal was brought into
thé laboratory and isolated in a clean cage. A large'

swelling, measuring 25 mm. in diameter was observed on
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July 30 on the right side of the neck. No internal investi-
gation of the swelling was carried out for fear of damaging
the parasite. Larval development was allowed to continue
through August 8 when two early third stage larvae with air
holes appeared in the region of the tumor. It was believed
that the stage of the larvae within the tumor was that of a
second instar. The reasons for this conjecture were due to
the measurements of the tumor and palpation of the larvae,
supported by the fact that in the two-year screening study
of approximately 450 cottontalls for cuterebrid larvae, no
alr holes were ever found for second stage larvae,

Second instar periods recorded in preserved specimens,

having Felis domestica as hosts, were in January, February,

March and in June, besides the normal months described in
cottontalls., These stages were collected by veterinary
students and were submitted with limited history on their
hosts. Previous geographic locations of the hosts that may
have determined unaéasonal acquigitions of cuterebrid infece

tions were not obtailned.

6. Seasonal Periodicity of Third Stage Larvae

Recorded in Table I are examples of third instars in

Mason rabbits which were discovered on July 24, 1953. Perio-

dical development of these larval examples were followed in

days relative to the growth of the phases (early, mid or late)
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in the same table. The majority of third stages occurred
during the middle of August and early September when the lar-
vae were obvious as indicated in Graphs 2, L4, 5, 6 and 7.
However, third instar examples in Kellogg Station cottontails
were seen as late as November and December. Larval material

from cats had representatives in nearly every month of the

yeare.

7. Studies on the Adult Fly

The first adult cuterebrid was seen on July k4, 1953.
At 10 A.M, the yellow~sided Cuterebra was observed flying low
over a clover field. Unable to apprehend the fly, a thorough
search of the clover plants under the flight area was carried
out in the hope of finding eggs. Results were negative. A
small white-sided Cuterebra was noticed in a thick willow
swale on July 11 at 11 A.M. The £fly appeared to be resting
not quite a foot off the ground on young willows. Lazily
it flew from willow to willow, intermittently resting on
grass leaves. Upon approaching the fly, which was only a few
feet away, with an open insect net, it swiftly darted into
the dark core of the swale. The area revealed no eggs. On
August 11, 1954, at 2 P.M. a yellow-sided cuterebrid was seen
in a dense sumac area. The fly was captured and placed in a
laboratory container for study. Three days was the length of
life of thia fly. It was later identified as an adult male
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Cuterebra horripilum by Dr. C. W. Sabrosky. A significant fact

afterwards discovered was that the threg obaervation areas re-

flected a high incidence of Cuterebra infections.

8. Fly-baiting Experiment

Fly traps with bait were set near swales or other areas
of suspected cuterebrid habitat in order to cepture adult
flies. Hindered by adverse weather conditions, balting was
practically ineffective. Baits would either be washed off
by rain or eyaporate after a few days exposure, Various
baits used were: from July j-6, rabdbit lure; July 6-8, honey;
July_e-lo, rabbit feces in urine; July 10-12, gasoline; July
12-30, vinegar. Live bait, that is, cottontall rabbits in
cages were employed from July 3-7; July 22-August l; September
h=24 in areas believed having a high incidence of Cuterebra.
The end result of all the above experiments carried out that
summer of 1953 at the Mason farm was negative. No fly-balting
experiments were undertaken at the Kellogg Station.

However, on July 24, 1954, an adult cuterebrid fly was
found in a fly-trap that had been placed over a rabbit burrow.
This burrow was in a dark situation under a lumber pile in a

salvage dump. The specimen was sent to Dr. Sabrosky who de-

termined it as Cuterebra horripilum.



9. Laboratory Pupation Experiments

Thirty-nine pupation jars were established during the
late summer and early fall of 1954. Various types of soil
were used in order to study the ecological significance of
soil on pupation. Soils varied from loamy clay to sand.

By July 6, 1954, five adult flies were obtained through
these experiments. In all five cases sandy soll was involved.

Emergence of these flies was noted to occur in a chrono-
logical manner, that is the first pupated example was also
the first emerging fly. This first example pupated on August
1, 1954, and the date of emergence was March 3, 1955, resul-
ting in a total pupation period of 174 days. Remaining
pupae reflected total pupation pericds of 175, 218, 23,
and 235 days. The amount of water added to these pupation
jars was 25 cc. per month. Four of the five positive pupa-
tion experiments were placed in a damp basement auring the
first four months of pupation. Ranges of temperatures during
the winter months in the basement were 32 to 47° F. Past
this timé they were in the university laboratory at room
temperature. The remaining pupa was continually in the labor-
atory, but situated on & window ledge partially exposed to
winter conditions. Conditirns existing at emergence were
that it occurred during the day and in a very hot sunlight.
Summarizing these pupation data, it appeared that a slight

exposure to cold stimulated the pupae towards an early
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pupation period. The depth of soil in the pupation jars did
not generally bother pupation as results were obtained in
sandy soll in as little as 1 to 2 1/2 inches deep. Longevity
of adult flies in laboratory jars was recorded as 1, 2, 3, 4
and 5 days. Four males and one female fly were identified.
Dr. Sabrosky identified all Michigan rabbit examples as
Cuterebra horripilum. The remainipg fly which was originally
sent from Pennsylvania was pupated, raised and identifled as
Cuterebra buccata. Because the only female fly lived one day,
mode of ipfoction studies gould not be carr;ed out. Chrono-
logically, two adult flies, male and female, would have to
emerge at nearly the same time and mate soon thereafter

in order to have laboratory studies on mode of infection es-

tablished through the acquisition of oviposited eggs.

10, Factors of Soll and Vegetation on Cuterebra

Results obtained from the Mason trapping projects indi-
cated higher numbers of Cuterebra infections in areas having
sandy soil. This fact may be explained by the possibility
that the soil in these areas offer optimum pupation condi-
tions. Mature larvae are better able to burrow into this
soil type and thus have higher survival numbers. Inasmuch
as there 1is better pupation results one maj expect a higher
concentration of pupae in these areas and subsequently

greater concentration of emergent adult flies. The greater
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the concentration of flies, the greater the number of infected
rabbits would be in thése areas. Also it was discovered that
more rabblt burrows were situated in the sandy areas, perhaps
allowing for optimum exposure of the hosts to the flies.
Trapping records of the Michigan Consgrvation Department'ﬁere
summarized from the Rose Lake Station, Clinton County, Michigan
and corroborated the results obtained at Mason. Sandy sites
on the Station revealed captured cottontails with more lar-
val infections and more larvae per number on rabbits, The
records covefod trapping projects dating back to 1950.
Larval incidences on lower areas, such as marshes and clay
soils were distinctly lower thar on sandy ridge afeas. Also
the cottontail trapping program carried out at the Kellogg
Station in 1954 supported the above contention. Mr. Aelred
Geis (1955) orally stated: ™the number of Cuterebra larvae
were much lower in cottontalls captured in low areas, such
as the marshes found on the Kellogg Station, than on the
sandy ridge sites." Because rabbit movement studies were
being carried opt on these Station areas during the summer
and fall of 1954, an excellent opportunity arose for selec-
tive ecological studies of cuterebrid larvae on their hosats.
However, due to their trapping procedures at Kellogg, data
relative to seasonal larval incidence in cottontails was
thought to be invalid.'

Vegetative sites such as dense sumac bushes, wiilow

swales and clover fields were associated with adult cuterebrid
flies.
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11, Effects of Larvae on Cottontails

Comparing the growth curves of infected juveniles with
that of adult rabbits not infected (Graph 9) demonstrates the
effect on juveniles. Juvqnile rabbits 2 to 3 months old,
having larvae, were found, according to Geis (1953) to average
about 20 percent lighter than those non-infected. Infected
rabbits soon regained welight after the warbles dropped out,
and averaged the same as non-infected cottontails by the
fifth ;nd sixth month.

Results of weight measurements taken on fourteen infec-
ted cottontails held in the laboratory, revealed changes in
weight. This offered a good opportunity to closely check weight
fluctuations. Variations in the seven infected adults were
on the average 3 ounces from the original captured weight.
However, the infected juveniles were observed to decrease 3
to 6 ounces from the initial laboratory weight which could
prove detrimental to young who weigheil2 or 16 ounces before
larvel infections. Table XIII summarizes the course of a
larval infection in a juvenile. This example was chosen from
seven other warble infections because of its completeness and
continuity of infection. The juvenile host in the earlier
phase of the infection showed a debilitated condition, list-
lessness and lack of appetite._ No diarrhea or constipation
was noted and at no observed time did the rabbit lick or

gnaw at the larval wound. At the beginning of observation
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TABLE XIII

WEIGHT MEASUREMENTS ON A CUTEREBRA INFECTED JUVENILE
COTTONTAIL CONFINED IN THE LABORATORY, 1954

Host #434-=435: Juvenile Female, 1 Larva in Neck

Days Air Hole
GAfter  Date  Welght g o tition  Diemeter
0 9-13-54 1l 0 early 3rd 3
3 9-16=-54 11 -3 early 3rd 7
T 9-20-5) 10 -l mid 3rd 10
11 9-24~5l 11 -3 mid 3rd 12
] 9-27=-54 12 -2 late 3rd 1,

17 9-30-54 13 -1 late 3rd 16
19 10-2-54 16 2 pupa healing

23 10-6-5) 20 +6 negative scar

29 10-12-5}4 2l +10 negative scar
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the infection the host lost L ounces and its morbidity remained
until the mature larva dropped from the rabbit. Once the lar=-
va left the host there was an increase in weight and this in-
crease was retained untillthe tenth day after the larva dropped‘
out, whereupon the animal, determined negative, was released
into the study area.

The infected adult cottontails appeared to have more ree
sistance to the effects of the larvae probably due to their
bulk. Whereas the young cottontails which probably have just
recently left thelr nests are more susceptible because of
their lack of resistance. An autopsy on an emaciated juvenile
rabbit which had been infected in the neck with three larvae
revealed pulmonary congestion (pneumonia) which was thougnht
to be a secondary effect contributory to death. The primary
cause was believed to be the debilitating effects of the
larvae on the young rabbit which had a dead weight of 15
ounces.,

During the two-year cottontail study in southern Michigan
only three cases of Cuterebra in the scrota of male cotton-
tails were seen. These exambles’were from the Kellogg Station.
In post-infection investigations, the resulting scar tissue
from larval wounds caused severe atrophy of the scrota.
Emasculation would probably ensue from the above pathology
due to the lack of reproductive tissue.

Effects of multiple infections on rabbits were observed

during a cottontall hunting party at Mason, Michigan, 1in
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November of 1954. Cottontails were being collected during
the hunting sesson in order to observe late Cuterebra infec-
tions. An adult female rabbit which appeared to be listless
when first sighted was shot. It was discovered that four lare
vae had recently infected the host in the neck. Three fresh
larval wounds were seen minus larvee along with one late
third instar. The host appeared emaciated though it was in
early November and the unharvested crops on the area offered
a good food supply. Upon autopsy a pulmonary congestion was
again discovered. This congestion might have been one factor
which slowed the animal. 8o indirectly the larval infections
may have been contributory to the death of the rabbit by gun.
Chances of winter survival in nature for an animal in this
state are rather low.

Cuterebra larvae have been associated with blindness in
Jack rabbits of Nevada during multiple infections (Philip et
al, 1955). Figure 1 shows a jack rabbit blinded from bots
under left eye and one under right. There appears to be
numerous bot infections in the cheek area. Source of this
figure was from Dr. C. B. Philip who also studied ticks in
his paper of 1955 (seen near white cards in photograph).



Fig. 1.

Three heads of jack-rabbits from Nevada showing
effects of bots on hosts. Head on the bottom
has two third stage larvae, one in its "larval
bag," the other out of it, Two air holes are
seen below the free larva. Numerous warbles

. are found under the jaw of the middle rabbit,

An early third inster is shown out of 1its bag.
Upper rabbit was blinded because of multi-
infections around the eyes.
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C. SYSTEMATIC STUDIES
l. Definition of Instars

- After surveying 127 cuterebrid larvae it was discovered
that the larval instars would have to be defined in order to
separate the larvae. Larvae were sorted by external morphology
according to stages prior to taxonomic determination of Cutere-
égg speclies, Criteria for larval segregation were size, shape,
spine distribution, number of rows of spines, structure of the
posterior spiracles, and the color of the larvae. First and
second stage larvae were creamy-white in color (Figures 2 and
3). Larvae peculiar to third instars varled from light brown
to black (Figure l4). The next important characteristics
were the arrangement and number of rows of spines on the lar-
val segmenta. Patterns for the first instar exhibited a
haphazard unorganized assemblage of spines in the four ane
terior segments. Whereas the second stage larvae had some=
what organized anterior rows of spines on the first four
segments., These two stages had spines arranged in several
irregular rows that circumvented the body segments. Third
stage larvae showed a distribﬁtion of spines in regular rows
throughout the larval segments. Naturslly in relation to
size, the first instars uopld be the smallest. They ranged
from 2 to 5 mm. in length and from 1 to 2 mm. in width. Ranges

for second instars were 6 to 16 mm. in length and 2 to 6 mm.
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Fig. 2.

First stage larva, 5 x 2 mm ., showing 12 vis-
ible segments ventrally, of which the last con-
tains the posterior spiracles. Oral hooks are
seen protruding at the right.
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Fig. 3.

A second stage larva measuring lj x S mm . taken
from the eyelid of a dog. The distribution and
number of spines are shown on the dorso-lateral
aspect beginning with the anterior segments at
the upper right.
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Fig. 3
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Fig. L.

A third stage larva from a cottontail showing
the number and distribution of spines on its
dorsal surface beginning with the anterior seg-
ments at the upper right. Note the clear
grooves, having microspines, one on each side
of the dorsum.
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Fig. 4
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in width. Third stage larvae offered examples of lengths
ranging from 11 to 35 mm. and widths from 6.5 to 16 mm.

These measurements would vary according to Cuterebra species,
and are presented here merely to relate the relative sizes

of the three instars. Development of the posterlor spiracles
was another feature aiding in the separation of cuterebrid
larvae into the various instars. Posterior spiracles pecu-
liar to third instars (Figure 5) show each plate divided

in three parts and perforated by numerous sinuous spiracular
openings. Spiracular plates for young Cuterebra larvae

were not clearly defined and may have two sinuous spiracular

openings (Figure 6).

2. Hosts Studied

Cuterebrid larval material collected from various sources
was studled separately according to the hosts they infected.
This was done after the larvae were differentiated to various
instars. The host examples included small wild mammals whoss
scientific names and general location are as follows: white=-
footed field mouse, Peromyscus leucopus, Mighigan; Sylvilagus
floridanus mearnsii, cottontail of Michigan, Pennsylvania
and Wisconsin; Sylvilagus floridanus mallurus, cottontail
found in New Jersey; and the jack rabbit, Lepus californicus

degserticola of the state of Névada. Larvae from domestic
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Fig. S.

Posterior spiracular plates and spiracles of a
mature C. fontinella larva taken from a white-

footed mouse,
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Fig. 5
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Fig. 6.

Highly magniflied posterior spiracles of second

stage C. fontinella larva taken from a white-
footed mouse,
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mammals were obtained from the dog, Canis familiaris, and the

cat, Fellis domestica, whose locations were listed as Wiscon-

sin, Ohio, Michigan and Illinois.

3. Cutérebra in Pelis domestica

a., C. horripilum |

First stage. Five examples of this instar were primarily
studied in respect to arrangement and number of rows of
spines found dorsally and ventrally on the larval segments,
Average length and width of the larvae were L.75 mm. and 1.75
mm, respectively. These measurements were obtained from
ranges of 3 to 6 mm. for the length and of 1 to 2 mm. for
the width. All representative instars were white in color.
However, the shape of spines varied in one specimen, Four of
the five larvae had predominantly single pointed spines along
with a few multipointed spines (Figure 7). The remaining
larva had only single pointed spines. However, the latter
example was an early first instar and believed to be income
plete for that stage in its spine development. Thus, these
larvae may be all from the same species, but not quite in the
same phase of the first stage. Posterior spiracles added evi-
dence to this question by comparing their structures. Before
the investigation of this question, the pattern of the spines

per segment will be presented belowe.



Fige 7. Multipointed spines of a C. horripilum first
stage larva taken from Felis domestica.
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Cephalic segment. Small and usually partly retracted.

Anterior lobes bear small sensory tubercles. Group of

spines 1s found ventrally near the mouth.

Segment 2.
Segment 3.

Segment Lo

Segment 8.

Segment 9.

Anteriorly Y4 rows of caudad pointed spines.
No row of spines posteriorly on segment.
Anteriorly L4-5 rows of caudad pointed spines.
No row of spines posteriorly on segment.
Anteriorly 4-5 rows of caudad pointed spines.
No row of spines posteriorly.

Anteriorly -5 rows of caudad pointed spines
No row of spines posteriorly.

Anteriorly 4-5 rows of caudad pointed spines.
Posteriorly 1 row of cephalad pointed spines.
Anteriorly 3-4 rows of caudad pointed spines.
Posteriorly 1 row of cephalad polnted spines.
Anteriorly 3-4 rows of caudad pointed spines.
Posteriorly 1-2 rows of cephalad pointed spines.
Anteriorly 2-3 rows of caudad pointed spines.

- Posterlorly 1-2 rows of céphalad pointed spines.

Segment 10.

Segment 11.

Anteriorly 1 row of caudad pointed spines.
Posteriorly 6-8 rows of cephalad pointed spines.
Anteriorly 1 row of caudad pointed spines.

~ Posteriorly 4-5 rows of cephalad pointed spines.

Segment 12.

More or les# truncate behind. Rounded anal
lobes on each side of anus. Posterior spir-

acles in center of segment at the end,
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Segmental boundaries of the first four segments were
difficult to recognize in preserved specimens due to the
intermingling of the posterlor spines of the preceding seg-
ment into the anterior spines of the following segment. In
general, the spines appeared, at first glance, to have a
haphazard pattern in direction. No spines were apparent
between the anterior and posterior spines of a segment.

The length and width of the largest spines ranged from .12
to <14 mm. and .O43 to .072 mm. respectively. Patterns of
the posterior spiracles in all five examples were similar

to that seen in Figure 8. Spiracular plates which measured
48 mm. wide and .36 mm. long were not organized in any de-
fined pattern and showed long moderately convoluted spiracles
which were broken into segments. Each spiracle ended in two
slits and measured .22 and .ll mm. for the length and width.

Oﬁ the basls of two pointed spines which Knipling and
Brody (1940) stated were occasionally seen in C. horripilum,
it 1s believed that these first instar larvae from the cat
were Cuterebra horripilum. Two=-pointed spines were occasion=-
ally seen on the larval segments, especially in the anterior
rows of the first four segments and in the twelfth segment.

‘ Oral mouthparts for this instar extended back to the
anterior margin of the third segment. Morphology of the
cephalopharyngeal skeleton 1s reflected in Figure 9. The

oral skeletons measured .72 mm. for the length and .32 mm,
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Fig. 8.

Posterior spiracular plates of a first stage

larva, C. horripilum, obtained from Felis domes-
tica.
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Fig. 9.

The left side of a cephalopharyngeal apparatus,
dissected from a first instar of C. horrigilum,
with Felis domestica as the host. MNote t
foramen in the oral hook sclerite.
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for the width. Determination of the length was arrived at
by measuring the oral apparatus from the oral hook to the
end of the dorsal cornu. For the width, the distance be-
tween the dorsal and ventral cornu was the measurement.
This procedure was carried throughout the measurements of

the oral skeletons.

Second stage. Twelve larval representatives were col-
lected for taxonomlc investigations. They were white in
color and averaged 11.0 and 4.5 mm. in length and width.
The shape of the spines was predominantly single pointed,
although two-pointed spines were occasionally seen during
the screening of the segments under a stereoscope. Larger
spines were .35 mm. long and .16 mm. wide. Segment 7 re=-
vealed 5 to 7 rows of spines, and the remaining ventral
segments offered an arrangement and number of spines simi-
lar to that situation existing in the second instars from
Peromyscus leucopus. The following is a presentation of
the pattern and number of spines present on the dorsal
surface of second instars collected from cats. Segment 1
was usually retracted and small with two anterior lobes
having small sensory tubercles. Ventrally, near the mouth
a group of spines were found. Segment 12 was truncate behind
and contained the anus. The posterior spiracles are situ-

ated at the end and in the center of the segment.
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Segment 2. Anteriorly 4-5 rows of caudad pointed spines.,
No spines posteriorly. . .
Segment 3. Anteriorly 4-5 rows of caudad pointed spines.
No spines posteriorly.
Segment li. Anteriorly L-5 rows of caudad pointed spines.
No spines posteriorly.
Segment S. Anteriorly 4-6 rows of caudad pointed spines.
Posteriorly 1 row of cephalad pointed spines.
Segment 6. Anteriorly 4-6 rows of caudad pointed spines.
- Posteriorly 2 rows of cephalad pointed spines.
Segment 7. Anterlorly I rows of caudad pointed spines.
Posteriorly L4-5 rows of cephalad pointed spines.
Segment 8. Anteriorly L rows of caudad pointed spines.
Posteriorly L=-5 rows of cephalad pointed spines.
Segment 9. Anteriorly 3-4 rows of caudad pointed spines.
~ Posteriorly 4=5 rows of cephalad pointed spines.

Segment 10. No row of spines either anteriorly or poster-

iorly. Few scattered spines posteriorly.
Segment 1ll. Anteriorly few microscpines.
Posteriorly 8-10 rows of cephalad pointed

spines.

However, the size and general shape of the dorsal spines
varied in the two host examples. The oral skeleton for this
stage from the cat was .86 mm. long and .43 mm. wide (Figure

10.). Spines found dorsally on segment 1l were generally the



rig. 10.

The right side of a cephalopharyngeal apparatus
dissected from a second stage larva of C. hor-

ripilum, Foramen is seen in the oral hook
sclerite.
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same as the situation on the ventral aspect. Segment 12 had
spines on its anterior segments gradually reduced, whereas
the posterior half of the segment was well armed.

There were three definite slits in the posterior spira-
cles of this inatar and the arrangement of the spiracles
appeared to be apprqaching a fixed structure typical of third
instars (Figure 11)._ Length and width of the spiracles were
<65 and .42 mm. respectively. The spiracular plates were
.2 mm, wide and .42 mm. long. No buttons were present in

any of the twelve instar examples. Cuterebra horripilum

appeared to be the species for these larvae from the cat.

Third stage, Approximately eighteen larvae were taxo-
nomically studied in this group. Third stage larvae reflected
color variances from light brown to black. A few two pointed
spines were discovered on the larval segments. The larval
examples had an average length and width of 15,0 and 6.25
mm, accordingly. Ranges of the larvae extended from 11 to
20 m. in length and 6 to 11 mm. in width which were inter-
preted as early and mid third instar larval examples. Larger
spines had a length range of .33 to .42 mm. and widths ranging
from .28 to .34 mm. respectively. Number of rows of spines
in segment 7 was 12 to 15 which was the average condition
for all segments. Also in segment 7 mature spines were seen
of the first I to 5 rows anteriorly and posteriorly with

haxagonal untipped spines in between these rows. The above



Fig. 11.

Posterior spiracular plates and spiracles of

a second stage larva of C. horripilum obtailned
from Felis domestica.
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spine pattern was typlcal of early third stage larval segments,
Tips of these spines were either light brown or black de-
pending on degree of larval maturity.

Posterior spiracles for these two-pointed spine examples
(Figure 12) measured 1.6 to 1.3.mm. in average length and
width. The spiracular plates revealed a diffused pattern of
spiracles not clearly defined by two slits in each plate.
Spiracular plates were l.4 mm. long and .58 mm. wide. Sem-
blance of a button may be seen in the mid-line of the spiracle.
Figure 13 revealed the typical morphology of the oral skeleton
which gave an average length and width of 2.2 and 1.08 rm.
respectively. The species of Quterebra determined for these

two-pointed spine larvae was Cuterebra horripilum.

b. C. buccata

Third stage. Fifteen larvae with single pointed spines
ranged in length from 15 to 30 mm. and in width 8 to 13 mm.
The minimum points of these ranges represented early third
stages and the maximum points were of the mature larvae.
Larger spines of mature larvae were .38 to .45 mm. long and
«28 to .32 mm. wide. The number of spinal rows in segment 7
were 12 to 15. Of significant difference was the structure
of the posterior spiracles which showed two slits clearly
separating three bundles of spiracles in each spiracular

plate (Figure 1l). Average lengths and widths of the posterior
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Fig. 12.

Posterior spiracular plates and spiracles of

a third stage larva of C. horripilum obtained
from a cat., Note the semblance of buttons in
the centre of the plates,
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Fig. 130

The right side of a cephalopharyngeal apparatus
of a C. horripilum third stage larva obtained
from a cat. Note foramen in the slender oral
hook sclerite,




Fig. 13
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Fig. 1’.]..

Posterior spiracular plates and spiracles of
a third stage larva of C. buccata obtained
from a cat, Note narrow width of the con-
voluted chains,
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spiracles were 1l.0; and 1l.34 mm.respectively. Spiracular plates
measured 1,00 mm, in length and .50 mm. in width. What

might be interpreted as a button was vaugely seen in

the middle portion of the posterior spiracles.

The oral skel§ton was found to be comparatively smaller
than C. horripilum, measuring 2.04 and .75 mm. in length and
width (Figure 15). All measurements taken on larval examples
are averages and may be interpreted as such. For these lar-

vae Cuterebra buccata Fabricius was the determined speciles.

L Cuterebra in Canis familiaris

a. C. buccata

Second stage; Two larval specimens of this instar were
obtained from the doge. Tbese were studied for taxonomic
differences among the dog, cat, and rabbit species. The
white larvae gave an average length and width of 1l and 5 mm.
respectively. Spines were slender and single pointed with
an average length and width of the larger spines of .32 and
.17 mm. accordingly. The larvae had a pattern and number
of spines similar to that found in the cat, but having their
spines slightly smaller and more delicate in appearance than
the fellne examples. Measurements taken on the oral mouth-
parts were smaller compared to those obtained for cats.

The mouthparts were .72 mm. long and .36 mm. wide (Figure 16).
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Fig. 150

The left side of a cephalopharyngeal apparatus
of a C. buccata third stage larva obtained
from a cat,
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Fig. 16,

The left side of a cephalopharyngeal skeleton

of a second stage larva of C. buccata obtained
from Canis familiaris.
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Fig. 16
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Also the posterior spiracles (Figure 17) were smaller than
the cat sample, measuring .43 and .32 mm. for the length and
width. By comparison of the posterior spiracles taken from
the cat and the §og Cuterebra, it appeared that the spiracles
on the larvae from the dog were not fully developed to final
structure and were in the process of maturing so as to array
themselves in simllar morphology to spiracles from the cat
Cuterebra larvae. No buttons were discernable.

On the bases of single pointed long dglicgte spines
smaller oral skeletons and posterior spiracles, these two
second instar examples from the dog are presented as Cuterebra
buccata. The location of infection for these larvae was in
the neck and records do not show the sexes of the dogs, which
might explain the site in the neck and not in the scrotum
which is usually assoclated with this cuterebrid species.

S. Cuterebra in Lepus californicus deserticola

Second stage. Only one larval specimen of this instar

was obtained from Dr. Jellison. This larva of Nevada jack=-
rabbits was white in color and measured 1l and 6 mm. in
length and width. Measurements of the larger spines gave

% length and width of .29 and .17 mm. respectively. Survey
of the spines showed the shape of these spines to be single
and two pointed. Numerous multi-pointed spines were seen

in segments 2 to l4 and 11. The spine pattern and number
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Fig. 17.

Posterior spiracular plates and spiracles of
a second stage larva of C. buccata obtained
from a dog.
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of rows was essentially the same as those of the cat, dog
and rabbit arrangements, but less rows were prusent. Because
of the unusual host and the geographic location of the larva,
the scheme of dorsal gpines is presented below for comparison
with those of the cat, dog and rabbit. Segments 1 and 12
again were similar to previous larval examples of the cat,
dog, end rabbit. On the ventral surface there were no rows

of spines posteriorly in segments 2 to 1C.

Segment 2. Anteriorly 2-3 rows of caudad pointed spines.
Posteriorly no spines,
Segment 3. Anteriocrly 2-3 rows of caudad pointed spines.
Posteriorly no spines.
Segment 4., Anteriorly 2-3 rows of caudad pointed splnes.
- Posteriorly no spines.
Segment 5. Anteriorly 2-3 rows of caudad pointed spines.
- Posteriorly 1 row of cephaled pointed spines.
Segment 6. Anteriorly 2-3 rows of caudad pointed spines.
~ Posteriorly 1-2 rows of cephalad pointed spines.
Segment 7. Anteriorly 2-3 rows of caudad pointed spines.
~ Posteriorly 1-2 rows of cephalad pointed spines.
Segment 8. Anteriorly 2-3 rows of caudad pointed spines,
Posterliorly 1-2 rcws of cephalad pointed spines.
Segment 9. Anteriorly 2-3 rows of caudad pointed spines.

Posteriorly 1-2 rows of cephalad pointec spines.
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Segment 10. No spines either anteriorly or posteriorly.

Segment 1l. No spines anteriorly.
Posteriorly 6-8 rows of cephalad pointed

spines.

Taxonomic(differencgs were noted in this larval example.
The first apparent difference, besides the shape of the spines,
was the structure of the poateriqr‘gpiracle.(Figure 18). Four
vertically arranged spiracles having an average length and
width of .14 and .03 mm, were Qbserved. Individual spiracu=-
lar plates were .15 mm. long and .09 mm, wide. Total length
and width of the_posterior‘Spiracleq was .26 and .15 mm. res-
pectively. No buttons were present. Comparatively, this
posterior spiracle was quite small and structurally different

than those of Cuterebra horripilum and C. buccata. The mor-

phology of the oral mouthparts (Figure 19) showed a differ-
ence in the area of the oral hook and appeared to be stubbier.
Howevgr, the measurements of the oral skeleton were .72 mm.
long and .29 mm. wide.

Proposed cuterebrid species for this larva was rather
difficult inasmuch as the literature is rare on these rabbit
larvae, Yet, the posterior spiracles resemble those peculiar

to the early instars of C. fontinella. Philip et al. (1955)

state that C. ruficrus and C. jellisoni have been found on
Nevada jack rabbits.



Fig. 18, Posterior spiracular plates and spiracles of
a second stage larva obtained from Lepus cal-
ifornicus deserticola.
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Fig. 19. The right side of a cephalopharyngeal apparatus
of a second stage larva obtained from Lepus cal-
ifornicus deserticola. Note stubby oral hook
sclerite,
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Third stage. Eighteen larvae which were collected from

Nevada jack rebbits were sent by Dr. Jellison for study.
These larvae averaged 25.4 and 11.2 mm. in length and width.
Averages were taken from larvae ranging 19 to 35 mm. in
length and 9 to 16 mm. in width. The ghape of the spines on
these larval segments revealed single, double and triple N
points. Seven larvae exhibited only the single oblique cone-
shaped spines,» These long tipped spines gave ranges in length
and width of .38 to .58 mm. and .32 to .54 mm. respectively.
The number of rows of spines on these specimens were between
15 and 20, A_typical larval segment such as number'T would
have the first 5 to 6 rows anteriorly and the last 5 to 6
rows poste}iorly with single long obliquely slanted spines and
the intermedliate spines were short and stubbye. Segment 11
had short sharply pointed spines with black tips. The last
5 to 6 rows of this segment had spines which were orange in
color with black tips.

Larvae with oblique cone shaped multipointed spines
were essentially the same in length and width as the single
pointed larger spines and similar in rows Qf spines in seg-
ment 7. However, segment 11 was not orange in color. Multi-
pcinted spines were found mostly on the first three anterior
and posterior rows. Intermediate spines were seen forming
two-pointed spines. More miltipointed spines were seen dor-
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